A convenient method for the evaluation of potential antiviral agents against non-segmented negative single strand RNA viruses using infectious hematopoietic necrosis virus (IHNV) in chinook salmon embryo (CHSE-214) cells was performed on microtiter plates with 96 wells. In this system, cytopathic effect (CPE) induced by IHNV infection was detected as clear spots (CPE spot) in CHSE-214 cell monolayers three days after infection. In none of the cases tested, did the standard error for the number of CPE spots per well exceed 10%. This newly developed method was successfully applied to the quantitative evaluation of several antiviral agents against IHNV on microtiter plates (CPE spot reduction method), with a reproducibility equal to the plaque reduc tion method.
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Infectious
hematopoietic necrosis virus (IHNV)1,2) belongs to rhabdovirus3-6) which resembles Rabies virus7,8) bearing non-segmented negative strand virus that contains single strand RNA genome. It is well known that IHNV is causual agent of severe epizootic with high mor tality for salmonid fingerlings.1) The treatment of ova with iodophors may be a sole method as a control of IHNV and it has usually advocated and employed. 1) While antiviral chemotherapy using nucleoside analogues such as Virazole9) and Acyclovir10) have also recently developed and some of the com pounds are found to be effective against virus diseases. In the case of fish viruses, some of the antiviral agents against infectious pancreatic necrosis virus (IPNV) 11, 12) and Oncorhynchus masou virus (OMV) 13, 14) have been used in vitro and in vivo.
In order to determine the antiviral effects of the compounds in vitro, it has been employed the plaque reduction method15-17) or cytopathic effect (CPE) inhibition method18) on microtiter plates having 96 fiat-bottomed wells described by SIDWELL and HUFFMAN. The former method is well established procedure with excellent reproducibility and quantitatively. However, it re quires a rather large number of cell culture and laborious workup. The later method determined with the visual scoring (0 to 4, 0: normal cells, 4: virtually complete destructure of cell layers) of CPE suppression should be difficult to compare the nearly effective compounds.
In this paper, we describe that CPE induced by IHNV infection in chinook salmon embryo (CHSE-214) cell monolayers after three days post-infection (p.i.) can be detected as a clear spot (CPE spot assay) and the number of these CPE spots in a well of the microtiter plate can be counted quanti tatively. Furthermore, we report that the antiviral activity of,compounds in CHSE-214 cells infected with IHNV can be quantitatively evaluated by the reduction of CPE spots on microtiter plates (CPF spot reduction method).
Materials and Methods

Virus and Cell Cultures
Infectious hematopoietic necrosis virus (IHNV) was kindly supplied from T. KIMURA, Faculty of Fisheries, Hokkaido University. The stock virus was passaged five times through CHSE-214 cells19) and propagated in same cell lines and used through our present study. The cells were grown in Eagle's minimum essential medium (MEM) sup plemented with 10, 5, 2% fetal bovine serum (FBS), and pH was adjusted to 7.4 with 14mM N-2-hydroxyethylpiperazine-N'-2'-ethanesulfonic acid (HEPES) and 8.9mM sodium bicarbonate (HEPES-MEM-10, 5, or 2).
A Virazole,9) and Chloroquine.24) Antiviral ac tivities of the three compounds were compared with the CPE spot reduction assay and the stand ard plaque reduction assay as described below. CHSE-214 cell monolayers obtained after two days' incubation of micro-and macrocultures were inoculated and were adsorbed with IHNV by similar fashions described in CPE spot assay. The viral inoculum was used in a concentration form ing CPE spots or plaques of about 80 to 150 per well. After inoculum was discarded by aspira tion, test compounds were added to appropriate wells. Test compounds were diluted in one-half log dilution, with 1mg per ml being maximum concentration. At the CPE spot reduction assay, compounds were diluted in HEPES-MEM-2 and added 0.1ml per well of microtiter plates. In the case of the plaque reduction assay, the compounds were diluted in double strength HEPES-MEM-5 and mixed with equal volume of 2% LGT agarose before its use and were added 0.75ml per well of plastic culture trays. Each experiment was con tained toxicity controls (with or without test com pound) and virus controls (with virus). The plates were then resealed and were incubated for three days (CPE spot reduction assay) and for seven days (plaque reduction assay). After that, fixed and stained cell sheets were counted the number of CPE spots or plaques through the microscope. And the counts were expressed as a percent of the number obtained from virus con trols.
The typical layout for the CPE spot reduction assay in the microtiter plates was used the method The profiles of the CPE spot reduction curve obtained in microcultures were compared with that of plaque reduction curve.
As can be seen in Fig. 3 , very similar reduction curves and 50% inhibitory concentration (IC50) values were obtain ed from the assay of each compounds tested by two methods.
The additional test was carried out for the re producibility of our method. Differences among four tests using CPE spot reduction method with Virazole were compared.
As shown in Fig. 4 , almost identical profiles, IC50, and minimum inhibitory concentration (MIC) values were ob tained respectively.
These finding showed the definite reproducibility of our method.
Discussion
The procedure of plaque formation of IHNV were reported from some laboratories.20,25) As described by Dosos, 25) there are possibility that a certain fish cell lines should be damaged thermally by agarose overlay and the plaques result unac ceptable variation.
In the case of antiviral assay for the candidate compounds, we so used LGT agarose to avoid the thermal damage.
This modi fication has successfully applied to the evaluations of antiviral agents of IHNV infection by the plaque reduction method.
However, this method re quires a rather large number of cell cultures and laborious workup.
As part of our program on the design and synthesis of nucleoside analogues having antiviral and antitumor activities, the synthesis of potential anti-RNA viral agents was undertaken.
In such situation, we therefore needed the simple, rapid and less expensive method for the screening of relatively small quantities of newly synthesised nucleoside analogues.
So we tried to establish a simplified procedure for the antiviral screening using microtiter plates with 96 wells.
The fixed and stained CPE on CHSE-214 cell monolayers after three days p.i. was shown as visible clear spots (Fig. 1) . As shown in Table 2 , the standard error of CPE spot assay was deter mined within 10%. When the average of plaque numbers and CPE spot numbers using macro cultures were compared, no differences were shown between the both methods ( Table 2 ). This result shows that CPE spot method without agarose overlay dose not form CPE spots induced by viral multi-infection because of the long period of IHNV replication cycle. These finding satisfied for the quantitative micro assay system using microtiter plates. Practically, as many as 150 CPE spots can be counted in a well of microtiter plates. In the antiviral experiments, it is import ant to include a "positive virus control" as a standard in each experiment. For the evaluations of candidate, we therefore adopted the concentra tion of viral inoculum which was shown the CPE spots of the range of 80 to 120.
In the CPE spot reduction assay, there is a possibility of the difference period of the adsorp tion in each well, because of operating 96 wells one microtiter plate. For example, we need about 10min for IHNV inoculation per one plate. This fact may bring the variation of CPE spot number in each well. In the viral quantita tive assay, it is desirable to show a plateau of IHNV adsorption at the period of more than 60 min as reported by BURKE and MULCAHY.25) Therefore, we examined the influence of the ad sorption time in CPE spot assay. As can be seen in Fig. 2 , the viral adsorption between 60 to 120 min after inoculation of 0.05ml of virus suspen sion did not show the plateau.
To increase 20% of CPE spots at adsorption period between 60 to 120min offered about 40min.
From this finding, the operation of about 10min for the virus inocula tion should not affect the CPE spot reduction assay on microtiter plates.
However, it is de sirable to opperate on a cooling plate for the suppression of the viral adsorption depending on temperature.
The evaluation of CPE spot reduction method was examined by the comparision with the stand ard plaque reduction method using three com pounds having antiviral activity against RNA virus. As shown in Fig. 3 , differences between CPE spot reduction method and plaque reduction method were indicated within one-half log dose of IC50. This finding in not seemed so problem for the evaluation of compounds.
When compounds are evaluated by MIC values, a certain compound such as (S)-DHPA which shows cytotoxicity in MIC level can not be evaluated correctly by in distinct counting of CPE spots or plaques. So we adopted IC,, value and the profiles of CPE spot reduction curve for the evaluation of compounds. Furthermore, the examination of the reproduci bility of CPE spot reduction method showed the reliance of this method (Fig. 4) .
From the possibility of the degradation of the compound by certain enzymes presented in FBS, this CPE spot reduction method with three days' incubation is seemed to offer the more convenient evaluation than the plaque reduction method with seven days' incubation.
In this report, CPE spot reduction method using microtiter plates was shown to be used for the reliable and quantitative screening of compounds as well as plaque reduction method. Addition ally, the three compounds, (S)-DHPA, Virazole and Chioroquine were firstly shown the anti-IHNV activity.
The screening of compounds having anti-IHNV activity by the CPE spot reduction method is now in progress.
